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（1）采用 Illumina Paird-end 双端测序技术对裂壶藻的基因组进行从头测序，最
终拼接结果为：全长为 79.8 Mb，N50 为 76 kp，共有 130 574 条 Scaffolds，
GC 含量为 37%，成功预测出饱和脂肪酸和角鲨烯合成途径； 
（2）构建 MCAT 基因过表达重组载体，电击转入对数生长期的裂壶藻，成功
筛选出一株生物量和脂肪酸含量分别增加 7.76%和 58.27%的转化藻株； 




















Schizochytrium sp. is a marine microalga that has been established as a candidate 
for commercial production of long chain polyunsaturated fatty acids (PUFAs). At 
present, there are still some problems unclear in the research of Schizochytrium sp., 
which including the lipid synthesis pathway. In addition, temperature is one of the 
most important environmental factors that significantly affect the fatty acid 
composition of Schizochytrium sp. According to the growth characteristics of 
Schizochytrium sp., the two-step fermentation method is generally used to produce 
high density fermentation and oil accumulation in the cell. However, during 
industrialization, the cooling process greatly increases the cost. Therefore, to 
investigate the genes and pathways that might control Long-chain unsaturated fatty 
acid metabolism in the Schizochytrium sp., we used Illumina sequencing platform to 
perform a de novo assembly of the Schizochytrium sp. genome. Moreover, to assist 
the fermentation industry and cost efficiency, we introduced the marine microalga 
Schizochytrium sp. TIO1101’s MCAT gene into Schizochytrium sp. TIO1101, 
generating MCAT transformants to enhance fatty acid accumulation during 
fermentation. 
Rhodomonas sp. contains a large amount of alloxanthin and unsaturated fatty 
acid, and has been used in aquaculture as a feed for marine copepods. However, the 
research on astaxanthin and polyunsaturated fatty acid metabolic pathway is still in 
the blank. Due to the molecular biology methods only for a single gene or a 
metabolic pathway, the research methods of molecular biology is lacking of global. 
As for the complex phenomena of life, we need to use a more systematic approach to 
handle. Then, we sequenced and de novo assembled a complete Rhodomonas sp. 
transcriptome for further molecular research in this study, which contribute to the 
development and utilization of carotenoid and polyunsaturated fatty acids. The main 
results are shown as follows: 















and assembled into 79.8Mb with N50 of 76kb, a total of 130,574 Scaffolds with 
GC content of 37%. Moreover, the genes encoding the putative enzymes that 
may be involved in the synthesis of long-chain unsaturated fatty acids (mainly 
docosahexaenoic acid (DHA, 22:6, n-3)) and squalene were identified from the 
genome. 
（2） The recombinant vector pBS-MCAT-G418-18S was insertedinto the 
Schizochytrium genome by electroporation PCR, biomass content and lipid 
production analyses showed that the endogenous MCAT gene was incorporated 
into the genome and successfully expressed. The biomass and fatty acid 
proportion of the engineered Schizochytrium increased by 7.76% and 58.27%, 
respectively, at 30°C. 
（3） The Rhodomonas sp. transcriptome was sequenced using Illumina HiSeq 2000, 
and a total of 18,070,504 clean reads were produced and assembled into 64,974 
transcripts. Open reading frame (ORF) prediction indicated that 57,409 (88.36%) 
transcripts possessed ORFs. BLASTX analyses allowed us to annotate 39,582 
(60.92%) of the transcripts with putative functions. Furthermore, genes 
encoding putative enzymes that may be involved in the synthesis of alloxanthin 
and polyunsaturated fatty acids (mainly docosahexaenoic acid and 
eicosapentaenoic acid) were identified within the transcriptome. 
Key Words： Schizochytrium; malonyl-CoA:ACP transacylase; Rhodomonas; 






















基端的第 6 位碳原子上或者是第 3 位碳原子上，因此多不饱和脂肪酸可分为 ω-6
系列和 ω-3 系列（图 1.1）。顾名思义，ω-6 多不饱和脂肪酸是指在脂肪酸碳链
中甲基端的第 6 号碳原子上出现了第一个不饱和双键，如花生四烯酸和亚麻酸






研究表明，由于人体缺乏 Δ9 以上去饱和酶，因而人体自身无法合成 AA、
α-亚麻酸（AIpha-linolenic acid，ALA）、EPA 和 DHA 等，需要从食物中摄取，
图 1.1 ω-6 和 ω-3 多不饱和脂肪酸结构示意图 















所以 PUFAs 是人类的必需脂肪酸[2]。PUFAs 对人类正常生长和发育具有较广泛
的生理功能[3, 5]，而且不饱和脂肪酸双键愈多，不饱和程度愈高，营养价值也愈
高，因此，近年来 PUFAs 受到特别重视。 
PUFAs 是构成细胞膜磷脂的重要组分，具有维护生物膜的结构和功能，促
进膜的流动与组装[6-8]。此外，PUFAs 在治疗心血管疾病[9-12]、抗炎[4, 15, 16]、抗
癌[17-20]等方面作用显著。众多实验表明，富含 ω-3 系列 PUFAs 的鱼油可以抑制
乳癌的发生、增生和转移[18, 19]。另外，PUFAs 不仅可以促进大脑发育[12, 14]，还
可以增强机体的免疫能力[4, 21]和有效治疗糖尿病[20]等生理功能。而 DHA 作为一
种 ω-3 系列的 PUFAs，因其获取方式简单和功能强大备受研究者青睐。 
1.1.2 DHA 概述 
1.1.2.1 DHA 的特点 
DHA 的全称是二十二碳六烯酸（Docosahexaenoic acid），其系统名称为全
顺式-4, 7, 10, 13, 16, 19-二十二碳六烯酸。其分子式为 C22H32O2，分子量是 328.48，













根据 DHA 结构式我们可以发现，其含有五个活泼的亚甲基，因此 DHA 比
图 1.2 DHA 的分子结构式 


















1.1.2.2 DHA 的生理功能 
DHA 分布在人体各处，主要构成大脑和眼睛的脂肪，是心脏的重要组成成














少患心血管疾病的概率。此外，DHA 和 EPA 还能抑制血小板凝集和减少血栓
素的形成，具有预防脑梗塞和心肌梗塞的重要作用[28, 29]。 
（4） 抗癌作用 
研究表明，向大白鼠的饲料中加入了一定量的 EPA 和 DHA 后，可显著性
地抑制大白鼠的乳腺肿瘤的生长[30]。此外，DHA 能促进 T 淋巴细胞的增殖，























1.1.2.3 DHA 的工业应用 
由于 DHA 拥有许多独特的生理功能，因此 DHA 在食品、工业和医药等行
业具有广阔的应用前景。 
（1） 食品工业 














品一般含有 20%-80%的 DHA。日本已开发了 DHA 医药品，主要用于改善脑
机能和炎症，防治老年性痴呆症等症状。例如，沧州市海源生物制品有限公
司已出售了浓缩鱼油硬胶囊、浓缩鱼油软胶囊、浓缩鱼油微胶囊等，其中包
含 50%的 DHA 等 ω-3 系列多不饱和脂肪酸。不仅如此，鱼油还被作为防治高
血脂的第四类参考用药列入《美国医师用药手册 PDR》。 
1.1.2.4 DHA 的来源 
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